SUMMARY: Pythium sp., the causative organism of red rot disease, isolated from Porphyra yezoensis from Wando in Korea was compared with those from Miyagi, Aichi, and Fukuoka Prefectures by means of electrophoretic patterns of soluble proteins and isozymes. Native and sodium dodecylsulfate-polyacrylamide gel electrophoretic patterns of soluble proteins revealed small but significant differences among the four isolates. Among the 14 detected enzymes, catalase (CAT), carboxylesterase (CE), glucose-6-phosphate dehydrogenase (G6PD), glucosephosphate isomerase (GPI), isocitrate dehydrogenase (IDH), malate dehydrogenase (MDH), superoxide dismutase (SOD), and xanthine dehydrogenase (XDH) possessed isozymes. The dissimilarity value of isozyme banding patterns for four isolates by unweighted pair-group method using arithmetic averages (UPGMA) cluster analysis was highest (0.51) between the isolate from Fukuoka and those from Miyagi and Aichi, and lowest (0.19) between the isolate from Miyagi and that from Aichi. Cluster analysis of data from isozyme banding patterns grouped the isolates from Miyagi and Aichi. These results indicate that the isolates from Miyagi and Aichi are similar, but each isolate from Wando and Fukuoka differed slightly from those of Miyagi and Aichi.
INTRODUCTION
Red rot disease of Porphyra, 'Akagusare', caused by Pythium, 1 is a serious one in Porphyra cultivation farms. This disease is prevalent in every Porphyra cultivation farm throughout Japan and Korea. Many studies on the mycological, 2 physiological 3 and biochemical characteristics 4 of Japanese red rot disease have been published already. As for red rot disease in Korea, we reported that morphological and physiological characteristics of the Pythium isolated from Wando resemble well those from Miyagi, Aichi and Fukuoka Prefectures. 5 To study relationships among Pythium species, electrophoretic patterns of proteins have often been used. Clare 6 and Ma and Yu 7 reported that the electrophoretic patterns of proteins from fungal species including Pythium are useful for the identification and the delimitation of species. Using this method, Clare et al. found little variation among isolates within 11 Pythium species. 8 Isozyme analysis is another useful technique to study the genetic relations in many organisms. In the case of Pythium, isozyme analysis was used successfully for systematics, 9 determination of variation within a certain Pythium group, 10 and genetic dissimilarity of the same species that have different morphology.
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In the present study, therefore, biochemical relationships among the isolates from Wando, Miyagi, Aichi and Fukuoka Prefectures with similar morphology and physiology were examined using both native and sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of total soluble proteins and starch gel electrophoresis of isozymes.
MATERIALS AND METHODS

Collection and maintenance of Pythium
The Pythium sp. used in the present study were isolated from Wando, south coast of Korea, Miyagi, Aichi and Fukuoka, and subcultured as reported previously. 5 
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Cultivation of isolates in liquid medium
Each isolate grew on 1.7% corn meal agar plates (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) for 7 days. Twelve agar discs (6 mm in diameter) containing the edge of the fungal growth circle were inoculated to 400 mL of Arasaki B liquid medium 12 and incubated for 7 days at 20°C.
Preparation of crude protein solution
Pythium mycelial mats were collected by filtering through Whatman No. 1 filter paper (Whatman Co., Maidstone, Kent, UK), and washed briefly with cold distilled water (4°C) to remove liquid medium. After freeze-drying, mycelia were ground to a fine powder with a chilled mortar and pestle at -20°C. Extraction of proteins was performed essentially by the method of Chen et al. 13 To 100 mg mycelial powder, 1 mL of extraction buffer (0.5 M Tris-HCl buffer, pH 7.1) was added. The suspensions were vortexed every 10 min for a period of 30 min, centrifuged at 15 000 ¥g for 40 min at 4°C. The supernatant obtained was stored in small aliquots in microcentrifuge tubes (500 mL) at -20°C until analysis. All samples were used within 1 month.
Polyacrylamide gel electrophoresis
Electrophoresis of native proteins was carried out using a 10% polyacrylamide gel in a vertical slab mold. The gel was stained with 0.1% Coomassie Brilliant Blue.
14 Sodium dodecylsulfate-polyacrylamide gel electrophoresis of soluble proteins was performed on 10% polyacrylamide slab gel containing 0.1% SDS by the method of Laemmli. 15 After electrophoresis, the gel was silverstained by the method of Oakley et al. 
Starch gel electrophoresis
Horizontal starch gel electrophoresis described by Micales et al. 17 was used for enzyme analysis. All the gels (12% w/v) were prepared with hydrolyzed potato starch (Sigma Chemical Co., St Louis, MO, USA) in appropriate gel buffers. Electrophoresis was performed in a cold room at 4°C. After electrophoresis, gels were used for individual enzyme staining procedures. 17, 18 
Data analysis
In order to estimate the similarity of the four isolates, simple matching coefficients of 14 enzymes detected for each pair of isolates were calculated as described by Sneath and Sokal. 19 The matrix of similarity coefficients was subjected to a clustering algorithm, the unweighted pair-group method using arithmetic averages (UPGMA), that was then used to generate a dendrogram by use of an Excel Cluster Analysis Program (Microsoft Co., Redmond, WA, USA).
RESULTS AND DISCUSSION
Electrophoresis of soluble proteins
When the profiles of native polyacrylamide gel electrophoretic patterns of four isolates stained with Coomassie brilliant blue were compared, 27 to 28 distinct bands were observed depending on the isolates together with many unclear-shaped bands (data not shown). Most of these bands showed the same migration distance among four isolates, and the isolate from Wando seemed to resemble that from Fukuoka, but differed a little from those from Miyagi and Aichi. However, because the minor bands were difficult to be determined for the migration distance and numbers of bands, detailed relationship of each isolate was uncertain.
Electropherograms of Pythium
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Sodium dodecylsulfate-polyacrylamide gel electrophoretic patterns visualized by silver staining for four isolates are shown in Fig. 1 . Although there are some unclear bands between 66 kDa and 205 kDa, and the banding patterns between 14 kDa and 29 kDa differed a little among four isolates, the electrophoretic pattern of the isolate from Wando resembled that of Miyagi but differed a little from those of Aichi and Fukuoka.
Starch gel electrophoresis of enzymes
Initially, 27 enzymes were screened in three electrophoretic buffer systems. Poor resolution of electrophoretic bands and low levels of activity were obtained for the following enzymes: ACO, AK, AlaDH, CK, FUM, GDH, GOT, 6PGDH, PGM, RalDH, SDH, TPI, and TYR. The 14 enzymes that produced wellresolved and consistent banding patterns are listed with their buffer systems in Table 1 . Electrophoretic patterns of these 14 enzymes are shown in Fig. 2 . Among the 14 enzymes, eight enzymes (CAT, CE, G6PD, GPI, IDH, MDH, SOD, and XDH) exhibited two to seven isozymes depending on the isolate, while only a single band was found in ADH, AroAT, GPDH, HK, LDH, and LeuDH. Among the former eight enzymes, isozyme bands generally occurred in unequal frequencies.
Catalase had four isozymes. Two of them were common among four isolates. The isolates from Wando and Aichi showed the same two isozyme bands. Therefore, both isolates were indistinguishable from one another. Carboxylesterase had four isozymes. Two of them were common among four isolates. The isolates from Wando and Fukuoka had their own isozyme patterns, but the isolates from Miyagi and Aichi showed the same banding pattern. Glucose-6-phosphate dehydrogenase had six isozymes. Only one isozyme was common among four isolates. The isolates from Miyagi and Aichi showed the same isozyme pattern. Glucosephosphate isomerase had five isozymes. Four of them were common in all isolates. The isolate from Wando had these four isozymes. The isolates from Miyagi, Aichi, and Fukuoka, however, had these four isozymes plus an additional one. Therefore, the isozyme pattern of the isolate from Wando differed from those of the other three isolates. Isocitrate dehydrogenase had two isozymes. The isolate Fig. 1 Sodium dodecylsulfate-polyacrylamide gel electrophoresis of total soluble proteins of four isolates stained with silver stain. M, molecular weight markers; 1, isolate from Wando; 2, isolate from Miyagi; 3, isolate from Aichi; 4, isolate from Fukuoka. from Miyagi, Aichi and Fukuoka. However, identification of Pythium is not so easy because of the occasional occurrence of variation of morphology by culture condition. 21 To overcome this problem, electrophoretic patterns of proteins and isozymes are valuable as a supplementary means for the distinction of morphologically similar Pythium species. 22 In the present study, therefore, the electrophoretic patterns of soluble proteins and isozyme patterns were analyzed to confirm the similarity of four isolates. Despite our expectations, the electrophoretic patterns of soluble proteins and isozymes differed a little among four isolates. However, cluster analysis of the four isolates indicated that the isolate from Miyagi is similar to that from Aichi.
from Wando, Miyagi and Aichi had one band and their isozyme patterns were indistinguishable from one another. Only the isolate from Fukuoka had two isozymes. Malate dehydrogenase had six isozymes. Only one of them was common among four isolates. The isolate from Wando showed the same isozyme pattern as that from Aichi. Superoxide dismutase had five isozymes. Only one isozyme was common among four isolates. The isolate from Wando had this common isozyme and two characteristic isozymes. However, the isolates from Miyagi, Aichi and Fukuoka showed the same isozyme pattern. Xanthine dehydrogenase had two isozymes. Wando and Fukuoka had the same one isozyme, and Miyagi and Aichi had another isozyme. However, none of the 14 enzymes can be used to distinguish four isolates from one another. Figure 3 shows the dendrogram based on starch gel electrophoresis of enzymes. Although only one isolate from each area was used, cluster analysis of the four isolates for the 14 enzymes grouped the isolates from Miyagi and Aichi. The highest dissimilarity value (0.51) occurred between the isolates from Fukuoka and the isolates from Miyagi and Aichi. This was apparently higher than the value of 0.19 between the isolates from Miyagi and Aichi, but close to the value of 0.46 between the isolate from Wando and the isolates from Miyagi and Aichi. Therefore, the isolates from Miyagi and Aichi are similar to each other, but each isolate from Wando and Fukuoka differ a little from those of Miyagi and Aichi.
Pythium is a large genus composed of more than 120 species. 20 For the identification of this fungus to species level, morphological features are the most important factors. In a previous study, 5 based on the morphological and physiological similarities, the isolate from Wando was considered to belong to the same species as those Fig. 2 Starch gel electrophoresis of 14 enzymes of four isolates. W, isolate from Wando; M, isolate from Miyagi; A, isolate from Aichi; F, isolate from Fukuoka. ADH, alcohol dehydrogenase; AroAT, aromatic-amino-acid aminotransferase; CAT, catalase; CE, carboxylesterase; GPDH, glycerol-3-phosphate dehydrogenase; G6PD, glucose-6-phosphate dehydrogenase; GPI, glucosephosphate isomerase; HK, hexokinase; IDH, isocitrate dehydrogenase; LDH, lactate dehydrogenase; LeuDH, leucine dehydrogenase; MDH, malate dehydrogenase; SOD, superoxide dismutase; XDH, xanthine dehydrogenase. Fig. 3 Unweighted pair-group method using arithmetic averages dendrogram based on starch gel electrophoresis of enzymes of four isolates. Dissimilarity values were calculated by the formula of Sneath and Sokal. 19 M, isolate from Miyagi; A, isolate from Aichi; F, isolate from Fukuoka; W, isolate from Wando. CS Park et al. The reason these differences are attributed to geographical distance is not clear at present.
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Ritchie stated that presence of variation at the intraspecific species level in marine fungi is manifest; 23 that is, marine fungi separated geographically have the possibility of being a genetical variation of the same species. However, detailed information remains unknown concerning the genetic variation among the four isolates from Wando, Miyagi, Aichi, and Fukuoka.
